To estimate the hypertrophic sites of the left ventricle by body surface mapping (MAP), we performed MAP in 55 patients with hypertension and compared the MAP data with echocardiographic findings. MAP data were analyzed using the departure map technique reported by Flowers et al. The mean and standard deviation (SD) of the normal control were obtained from 40 normal volunteers. We constructed departure maps at 20, 30, 40, 50 and 60msec from the onset of the QRS. Each map indicates the area of abnormally increased potential outside the normal range at the time.
To estimate the hypertrophic sites of the left ventricle by body surface mapping (MAP), we performed MAP in 55 patients with hypertension and compared the MAP data with echocardiographic findings. MAP data were analyzed using the departure map technique reported by Flowers et al. The mean and standard deviation (SD) of the normal control were obtained from 40 normal volunteers. We constructed departure maps at 20, 30, 40, 50 and 60msec from the onset of the QRS. Each map indicates the area of abnormally increased potential outside the normal range at the time.
Subjects were classified into 5 groups according to the appearance time of the abnormal positive area. Septal thickness was significantly increased in groups that had an abnormal positive area at 20msec, and left ventricular posterior wall thickness was significantly increased in the groups that had an abnormal positive area at 60msec. We postulate that the increased electrical potential due to hypertrophy of the interventricular septum is represented by the abnormal positive area at 20 msec, and the increased potential of the left ventricular posterior wall by the abnormal positive area at 60msec.
MAP, especially the departure map technique, is a useful method to detect the abnormal electrical potential distribution in patients with left ventricular hvnertronhv. Subjects in this study were 55 patients with hypertension who underwent body surface mapping and echocardiography at Yamagata University Hospital from April 1, 1982 to September 30, 1984. They were 33-70 years old (mean 50); 31 men and 24 women. Known duration of hypertension was 0.5 years to 28 years (mean 7.5).
Hypertension was defined as systolic pressure consistently greater than 160mmHg and/or diastolic pressure consistently greater than 95 mmHg at least 4 weeks before the study. Cases with electrocardiographic findings of myocardial infarction, bundle branch block or hemiblock or WPW syndrome were excluded.
Forty normal volunteers were also studied (the normal group). They were all men, 22 to 52 years of age (mean 33). All had normal physical and electrocardiographic findings. None of them had a history of heart disease or hypertension.
Body surface mapping:
Body surface mapping was performed using a body surface potential mapping system, HPM-5100S unit (Chunichi Denshi Co.), within 2 weeks of the M-mode echocardiogram. Since the procedure for data sampling and processing has been described in detail elsewhere,4) it will be reviewed here only briefly. Eighty-seven unipolar ECGs distributed over the entire thoracic surface with Wilson's central terminal as reference, standard 12-lead ECGs and the Frank X, Y, Z ECGs are sampled simultaneously (Fig. 1) . Then, the stored signals of each ECG are displayed on a graphic terminal (TEKTRONIX 4006-1). If noise is detected in any of the signals, data sampling is repeated. The flat portion of the PQ segment is chosen for the baseline. After the baseline adjustment, the data are recorded in a magnetic cassette tape in a digital format. This system has a resolution of 10 uV, in The ECG signals were processed off line on a minicomputer (Texas Instrument 980-B). For this study, the onset and the offset of the QRS were determined manually from superimposed Frank X, Y, Z leads and the spatial magnitude. The mean and standard deviation (SD) of the normal control were obtained from the normal group. The following analysis was done for each subject in the hypertension group and the normal group.
Departure maps of the isopotential maps at 20, 30, 40, 50 and 60msec from the onset of the QRS were made according to the method reported by Flowers et al.1) For this study, departure index (DI) was calculated by the following formula for each lead, and the distribution of DI was displayed as the departure map. When DI was more positive than +2, we judged it to be abnormal. On the departure map, the area where the DI was more positive than +2 was designated the +2SD area. Fig. 2A shows the isopotential maps of a 37-year-old normal man. Maximal potential was located on the middle anterior chest at 20msec, and moved leftward and slightly downward thereafter.
At 50 msec, the maximum was located on the left lateral chest and eventually reached the back at 60msec.
In this case a +2SD area was not observed in any of the departure maps (Fig. 2B) . Fig.3 shows the departure maps of a 53-year-old man with hypertension (ST 13mm, PWT 13mm, LVM 340g). A+2SD area was found on the left middle anterior chest at 20msec, and shifted leftward and slightly downward thereafter and was located mainly on the back at 60msec. The location of the +2SD area was quite similar to the location of maximal potential observed on the isopotential maps in Fig. 2A .
Not all patients had a +2SD area throughout from 20msec to 60msec; that is, each patient was different in terms of the appearance time of the +2SD area. But, when a +2SD area appeared, the location was similar to that of the representative case at that time, on the anterior chest at 20 msec, the left anterior to lateral chest at 30 and 40msec, the left lateral chest at 50msec, and the left lateral chest to the back at 60msec. Patients were classified into 5 groups according to the appearance time of the +2SD area (Fig. 4) . Group 1; No +2SD area on any of the departure maps. Group 2; +2SD area present at 20 msec and not at 60msec. Group 3; +2SD area present at 30, 40 or 50msec, and not at 20 or 60msec. The +2SD area was located on the left middle anterior chest at 20msec, and shifted leftward and slightly downward thereafter and was located mainly on the back at 60msec. Fig.4 . Departure maps of representative cases of each group (groups 1-5). In the group I case, no +2SD area was found on any departure map, and in the group 2case, a +2SD area was found at 20msec and not found at 60msec. The group 3case had a +2SD area at 30, 40 and 50msec, and not at 20 or 60msec. In the group 4case, a +2SD area was found at 60 msec, but not found at 20msec. In the group 5case, a +2SD area was found at 20msec and 60msec. Fig.5 . Interventricular septal thickness (ST) and left ventricular posterior wall thickness (PWT) in each group. In groups 2 and 5, ST was significantly greater than in groups 1, 3 and 4. In groups 4 and 5, PWT was significantly greater than in groups 1, 2 and 3. *p<0.05, **p<0.01. Left ventricular mass (LVM) in each group. LVM had the tendency to increase with the number of the group from 1 to 5, and was significantly increased in groups 4 and 5 in comparison with groups 1, 2 and 3. **p<0 .01.
shown in Table II . In groups 2 and 5, ST was significantly greater than in groups 1, 3 and 4 (p<0.01; Fig. 5 ). In groups 4 and 5, PWT was significantly greater than in groups 1, 2 and 3 (p<0.01; Fig. 5 ). LVM had a tendency to increase with the number of the group from 1 to 5, and was significantly greater in groups 4 and 5 than in groups 1, 2 and 3 (p<0.01; Fig. 6 On the departure maps of hypertensive patients, a +2SD area was found on the middle anterior chest at 20msec, and moved leftward at 30 and 40msec. At 50msec, the +2SD area was located on the left lateral chest, and at 60msec mainly on the back. The location of the +2SD area was similar to the location of maximal potential observed on isopotential maps of a normal subject, and so the location of the +2SD area probably reflects the increase of electromotive force of the left ventricle.
Based on the appearance time of the +2SD area, we classified patients into 5 groups, groups 1-5. ST was greater in groups 2 and 5, that have a +2SD area at 20msec. PWT was greater in groups 4 and 5, that have a +2SD area at 60msec. The activation time of the intraventricular septum (IVS) is 10-15msec, and the activation time of the left ventricular posterior wall (LVPW) is 40-60msec.11) Thus, we postulate that the increased and delayed electrical potential due to hypertrophy of the IVS is represented as a +2SD area at an early period of the QRS, especially at 20msec, and the increased and delayed potential due to hypertrophy of the LVPW is represented as a +2SD area at a late period of the QRS, especially at 60msec. In group 3, ST and PWT did not significantly increase. +2SD areas seen at the middle of the QRS, that is, +2SD areas at 30, 40 and 50msec were not related to hypertrophy of the IVS or LVPW. These may reflect hypertrophy of the anterior or lateral walls. In this study, we used M-mode echocardiograms, and therefore did not measure the thickness of the anterior or lateral walls. Whether the appearance of +2SD areas at 30, 40 and 50msec was due to hypertrophy of the anterior or lateral walls or not remains an issue for further investigation.
LVM had a tendency to increase with the number of the group from 1 to 5, and in groups 4 and 5, the groups with +2SD areas at 60msec, LVM was significantly greater than in groups 1, 2 and 3, the groups without +2SD areas at 60msec. The +2SD area at 60msec was located on the left lateral chest or back. These results agree with the conventional VCG findings that the leftward and posterior component of the mid to late period of the QRS loop is increased in moderate to severe LVH.12) SV1+RV5 or V6 was significantly greater in group 5 than in groups 1, 2, 3 and 4. LVM was greatest in group 5. SV1+RV5 or V6 roughly 
